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FOREWORD

This report. summarizes research conducted from May 1966 to
February 1967 under Phase II of the AFRPL in-house Project
Number 305802ERB, "Tube Connector Development." The research was
performed by the Subsystems Branch of the Liquid Rocket Division, Air
Force Rocket Propulsion Laboratory, Edwards, California.

Capt George N. Graves and Lt Albert B. Spencer, Jr. , were the
Project Engineers and Mr. D. L. Lank was the Engineering Technician.

This technical report has been reviewed and is approved.

JERRY N. MASON, Capt, USAF
Chief, Subsystems Branch
Liquid Rocket Division
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ABSTRACT

Current practices in the selection of separable connectors for rocket
system plumbing applications require that an analytical investigation of
many connector candidates be accomplished, followed by the selection and
the conduct of extensive verification testing. This method is both expen-
sive and time. consuming. The Air Force "Rocket Propulsion Laboratory
has sponsored an investigation to demonstrate an analytical leakage-
prediction correlation technique for comparison with actual test results
received in the evaluation of the standard AN flared tibe connector. Suc-
cess of this approach would allow the use of this prediction correlation
technique on other connector concepts. A secondary objective was to
evaluate the performance of the AN flared tube connector. The approach
consisted of deriving an analytical leakage-prediction technique using a
flow conductance parameter in conjunction with the Meyer hardness index
(Reference 1) and comparing these data with the test results received from
the evaluation of the flared tube connector. The program did not achieve
satisfactory prediction correlation between predicted and test results.
However, comparison of predicted results with the test results did show
the predicted leakage performance values to be extremely conservative.
The evaluation of the flared connectors did demonstrate a 10- atm cc/sec
helium leakage capability of the flared connectors when tested under
specific operating conditions.
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SECTION I

INTR ODUCTION

Go/no go acceptance tests have been used exclusively by many

organizations to determine what connectors to Ute in aerospace systems.

This"method is expensive and time consuming. In many instances, it

.represents a duplication of effort without advancing the state of the art.

As part of the Air Force Rocket Propulsion Laboratory's Tube Con-,

nector Development Program, Contract AF04(611)-9578 was iniltiated with

Battelle Memorial Institute (BMI) to formulate a procedure for

predicting the performance of separable tube connectors., It, was antici-

pated that the results of this study would provide the basis. for more effi-

cient and reasonable procedures f6r selecting "shelf items" for aerospace

systems and would permit rapid screening of many connector designs.

The AFRPL Tube Connector Dev~elopment Program was established

with the general objective of providing an independent evaluation of the

fitting concepts developed under contracted programs and of evaluating

field service problems and skill levels required for connector fabrication

and installation. The specific objectives of this phase of the program

were:

1. To develop an in-house connector evaluation capability

2. To evaluate'the flared connector for comparison with the AFRPL /

connector concep.t ,
J

3. 'To generate data on flared connector performance for comparison !

•with the values predicted by the BMI analysis technique.

10
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SECTION 1I

IF,:XD TUBE SEAI CONNECTOR CONCEPT

"TIhI. flared tulA., sea]-type connector is probably the most common

thrNtdcd conyt'ctor for fluid line connections. This connector utilizes the

tubinig flarc to accomplish both the connector-to-connector seal and the

tu be- t0-conhector -seal. This design has numerous variations, most of

winch em ploy the same -basic geometry but differ in the manufacturing a-nd

quality control requirements.

The AN flared- connector can be procured to government or industry

specificatiois-. AN flared connectors consist of a sleeve, a connecting

-nut, and a union (Figure 1). This connector is manufactured in accord-

ance with military specifi'cation MIL'-F-5509B, titlcd, "Fitting, Flared

Tube, Fluid Connection. " In making a tube connection with this type of

connector, the following se'quence of operations is generally followed: .

1. The nut and the sleeve are placed on the tubing.

2. The tubing is flared by a hand tool or by a flaring machine.

3. The. connection is secured by placing the flared tubing in contact

with the nose of the uniion, sliding the sleeve and nut against the flared X

tubing end, and threading the nut into place on the union. The sleeve is

forced against the back of the tube flare by-the unit as it is threaded onto

the union. As the nut is tightened, the sleeve compresses the baclk of the• / -

tube-flarc against the nose of tn6 union, thus forming the sealing inter-I -.

face,. Actual sealing is accomplished by deformation of the flared tube

surface against the mating surface of the union."

2
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-NUT

SLEEVL UNION
TUBE ..

Figure 1. AN Flared Connector

Three distinct ge metrical sealing modes are recognized in the

connector. These have been categorized as Types I, II, and III and are

shown in Figure 2.

In Type I, the mating between the flared cone and the nose of the AN

union creates a sealing surface of 0. 010 to 0. 020 inch wide at the inner

edge of the AN union. In Type II, the sealing contact surface ranges

from 0. 020 to 0. 030 inch. The sealing action ,in Type II is caused by con-

tact of the flared cone with the top edge of the AN union. The Type III

seal contact surface is 0. 070 to 0. 125 inch in width in the middle of the

AN union.

A 'major advantage of the AN flared connector is its simplicity-,<how-

ever, several disadvantages have given rise to modifications and even

completely 'new connector design concepts. Some of the notable disad-

vantages include: /

1. The torque relaxation with time characteristics

2.' The inability to obtain sufficient sealing stresses in 1/2-inch and

larger connector sizes
3,
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3. Inadequate quality -cointrol requirements

4. The tendency of tubing to crack when subjected to flaring

operations

Attempts to eliminate the disadvantages just noted have resulted in

an AN connector modification that contains a separate seal. This seal is

a truncated cone and fits over the end of the 37-degree union nose. The

seal is made of a soft material, generally copper o'r hlminum, offering

lower required seating stresses. While presenting asol *on to the

required seating stress problem, the separate seal has the disadvantage

of adding another part to the connector, which douid be omitted if proper

care is not'taken during assembly. Additionally, it does not eliminate

the disadvantages previously identified in steps 1; 3 or.4 of the previous

paragraph.

75
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SECTION III

EX PER IMENTAL AND ANALYTICAL-INVESTIGAý,,TIONS

Exact axial loads resulting from the assembly torques are difficdlt

to determine theoretically because the friction factors are generally

-unknown and can vary depending on the lubricant and the connector geo-

metric changes. Consequently, the minimum and maximum initial axial

loads were determined experimentally. This was accomplished with the.

test configuration shown in Figure 3.

The tubes were welded to adapter plates which were bolted to the

tensile machine platform. When the parts were lubricated properly and

the recommended torques were applied to the connector, the minimum and

maximum axial loads were read dirdctly on the tensile' machine.

Table I shows the relationships of torques to maximum axial loads

in the flared connector.

Table II shows the axial loads transferred to the AN union and flare

for the minimum and maximum torques required of each connector size.

The seal contact loads calculated for the three different seal geometries

are depicted in Table III.

The seal of a-•flared connector is a series-type seal. The entire

axial loadcaI5plied by applying torque to the nut is transferred through

the"connector as seal contact stress, so the compressive load contributes

entirely to the seating of the seal.

The axial loads obtained on the initial assembly we're used for

analysis purposes although additional assemblies were evaluated to

determine repeatability of torque values. Frequently, the friction factor

will decrease as the connector is repeatedly assembled, and as a result,

t, ~6

i •

i i .

t ;



//

/1/

TESTING
MACHINE

TUBING
NUTSLE EVE "

UNION "ADAPTER
PLATES

TESTING
MACHINE

Figure 3. Axial Load Versus Torque Test Setup
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TABLE I. TORQUE VERSUS AXIAL LOAD

Tube Size (inches) Torque (in. /lb) Axial Load (pounds)

3/8 150 1230

270' 2200

300.:.:1- 2380

375 3100

450 3900

1/2 250 2075

450* 3300

500*."-:" 3650

625 5230

3/4 375 3000

650' 5700

700** 6200

875 7700

1050 8650

* Recommended minimum torque
.. Recommended maximum torque

the nut will be overstressed if compensation for this friction effect is not

considered in applying the assembly torque.

The deflection rates of the compression members in the connector

were not determined experimentally. -However the calculated values for

the 3/8-, 1/2- and 3/4-inch connectors were 0.104 x 10"6, 0. 174 x 10-6

and 0. 134 x 10-6 in. /lb, respectively.

These compressive deflection rates correspond well with the value of

0. 222 x 10- 6 "in. /lb, experimentally determined for the Wiggins DL flared

connector by BMI. I

8
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The tensile deflection rates were determined experimentally. The

deflection rate of the nut was determined using the arrangencnt shown in

Figure 4. IThe deformations and deflections occurring in the test fixture

and in the a'dapter flange were subtracted from the total measured deflec-

tion rate. The bending deflection rates of the flanged tubes must be added

to the deflection rate of the nut to determine the deflection rate of the

tensile members. The average values for increasing load conditions

were 0.653 x 10 in. /ib for the 3/8-inch connector, 0.572 x 10-6 in. /lb
-6

for the 1/2-inch connector, and 0.470 x i0- in. /lb for the 3/4-inch con-

nector. Large hysteresis loops were found during the loading and unload-

ing of the smaller-size connectors.

The structural loads which a connector must withstand consist of the

pressure end load and the tube bending moment. Pressure end load is

based on the maximum seal diameter and the operating and proof pres-

sures. The bending moment is based on tubing diameter, wall thickness,

and material properties.

Table IV gives the mean seal diameters that were us~ed in calculating

the pressure end loads for AN flared connectors. ,

... FABLE IV. EFFECTIVE SEAL DIAMETERS

Tube Size (inches) AN Seal Diameters (inches)

Type IP T•'pe II*:- Type II:I

3/8 0.318 0.476 0.397

1/2 0.426 0.654 0.5'jD

3/4 0.664 0.934 0.799

AN seal geometry type

11
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The pressure end load acting on the structure is equal to:

""- 7 r G.p
* ' ~ 4

where

FE pressu•e end load, pounds

G effefctive seal diameter, inches

P i-rternal pressure, psi

Resulting pf essure end.loads are'presented in Table V.

TABLE V" PRESS9URE END LOAD SUMMARY (POUNDS)

"Type I" ," Type II:- Type III*'

Conhector'
Size Working Proof . -Wo-rki-ng- Pro6f Working Proof

(inche s) PressurePressure Pressure Pre'ssure Pressure

3/:8 .320 .478 714" 1070 497 - 745

1/2 572 856 1350 2030 908 1380

3/4 13,80 2080 2 2750 4150 2020 "3050'

'*AN seal geometry type

A bending'moment, M, producing bending loads may-be present

because of tubing misalignment,.. thermal'e:kpansion, or contraction of the

tubiAg'system,. vibrations, displacements of anchors, or acceleration

forces. Bending morr~ents imposed.on a connec.tor in a. tubing system can-

not be determined in advance, Isince these moments depend upon the

.specific tubing system; its operating cc ,Mition, and the location of the

connector in the system. The maximunr -bending moment ftiat can be

•" i3
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applied ti, a C,,Iflectr through the attached tubing is given by the
equation:"•

M 2 SZ

"•.h re

S lin,,iting stress of tube material, psi
"3section modulus of tube cross section, -in.

For thin-walled tubing, the section modulus can be closely approximated
by :•"

r 2 t

4'

.where

t PD PD > 0. 005 inch2Sh 200,000 -

and

t 'tube wall thickness, inches

P = internal pressure, psi "

D.*= 'tube diameter, inches

Sh = design shear stress, taken as two-thirds of the yield

strength at 70'F "

Sr1

The required" bendinig moment- and the equivalent axial load -for each

size of AN flared connector is shown inf T-able VI.

"* 14



TABLE VI. AXIAL LOAD EQUIVALENTS
OF BENDING MOMENTS

AN Connector - Required Bending Equivalent Axial
Size Moment Load

(inches) (in. -1b) (pounds)

3/8 50 778,

1/2 125.f 1340

3/4 42,5 2920

An axial loa equijalent to the -bending mormýent, can be stated in

terms of equival6nt internal pressure. The maximum bending stress is

given as:

- M.-
B Z

wh e re

SB = maximum, bending stress, psi

M = design bending load, i.n. -lb

3
Z = section modulus, in.

The tensile'stress. exists at'only one point on the tube circumference;

it is assumed that the connectormay be designed as if.S B existed

uniformly all around the tube circumference. The bending load can be

expressed as an equivalent internal pressure, PB-given by:

' B
B D

The,..equiv.alent axial load, F (Table VI), is expressed as:

7T 2FB PB -G

15

9.\\



/

and the total equivalent structural end load is:

FT E + F B

which is shown in Table VII.

TABLE VII. TOTAL EQUIVALENT END LOAD

"Connector Size (inches)

"Connector Type 3/8 1/Z 3/4

': T y p e I, "

,_ý<Working Pressure'"" 1098 191Z 4300

Proof Pressure 1Z56 -2 1-96- -- 5000

Type II

Working Pressure 149Z 2690 5670

Proof Pressure 1848 3370 7070

Type III

Working. Pre s sure .... 117_5 ,'2 48--- -_4940

Proof Pressure 1523 Z 720 57

An approximation of leakage was calculated. T-his is very useful in

/determining if a connector has the desired sealing poteiitial.

S/ •

The greatest difficulty in determining sealing criteria is the genera-

tion of quantitative relationships amnong performance parameters that

can be used in the prediction ofZeakage. Leak paths are formed by the

interconnection of void spaces'"in an interface. The void ýpaces are

formed by fabrication marks, damage and/or contaminants; The size

and number of leakage paths will depend primarily upon the control

16--
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established during the fabrication process where widely divergent

surface' characteristics can be generated.

The relationship between load. and leakage is important because

they provide correlation among the parameters of interface sealing width,

sealing stress, load and leakage. This aspect is most important when

analyzing a connector such as the AN flare fitting which depends solely

upon axial load for sealing.

To calculate leakage, th-e-conductanceIparameter and the modified

stress ratio 'were -ised as two correlation •actors. When two surfaces

are placed together with some amount of force to form a sealing interface,

this condition provides resistance to the flow of a fluid. This resistance

'. to leakage can be represented by a conduct nce parameter factor (h) and

is related to the leakage flowrate (Q) and re's $re difference (AP) at the

interface by Q = hAP. The conductance parametýr-.,described'above

is given as:

3  12 p. (r - r ) P0 Q0  12.76 EP o0X (h2

h z z(P 2  P)
TT (ro+ r 1) (P2z - P12 I , zP Il

where
h3.

conductance parameter

P2' P I inlet and outlet fluid pressures

X. molecular mean'free path of the gas,1 at standard0
temperature and pressure conditions

I P = viscosity of the gas

r r = dimen~ions of circular interface

P = standard pressure

Q leakage, atm cc/sec
0

17
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In determining leakage, a second correlation is the modified stress

ratio (MSR). The MSR relates to the apparent contact area, contact load

and material hardness and.is calculated as follows:

' _.(2/n')

MSR-
A

A M

where MSR = modified stress ratio

P = applied load, pounds

n? = Meyer index
2

A = interface area, in.
A

So-M = Meye. bhardn.ess, psi

! " /
The Meyer h.ardness was determined from sample measurements made

on several specimens and the average value was 257, 00O•si. The Meyer.,

index was found to be 2.35. . /

Sealinterface areas were found. The results of these calculations

are illustrated in Table VIII. - The modified stress ratio was* calculate'd/

and is shown in'Table IX for e/ach seal geometry and associated'.tube size.

TABLE ViIi. APPARENT SEAL INTERFACE AREAS.

Seal Geometry (in. 2

Tube Size (inches) Type I TypejII Type.III.

3/8 0_0Z0 0.023 . 0.044

1/2 0.027 0.039 0.061 . -

0.042 0.069 0.088

18
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-,TABLE IX. *CALCULATED VALUES FOR
"thMODIFIED STRESS RATIO

Modified Stress Ratio
Sealing Geometry __....(x 10-2)

Tube Size (inches .°Tý6rque (in. -ib) Type I T ype II Type III

3/8' 270 6.04 4.17 2.47

300 6.70 ,4.79 2.76

1/2 450 5. 79 2.97 2. 36

500 6.51 3.64 z. 68

3/4 650 2. 50 1.35 1.48

700 3.10 1.89 1.88

Figure 5 illustrates the correlation between the modified stress ratio

and the conductance parameters as a function of the surface roughness.

The surface finish was measured for several specimens. Surface roughness

ranged from 10 to 50 micro-inches peak-to-valley. I(PTV) in all specimens.

The greatest number- of samples had a.surface roughness range of 30 to

50 micro-inches *1 percent. Table X shows the conductance parametler for

the appropriate seal geometries and tube sizes.

The contact length must be calculated on the basis of a contact stress

equal to the Meyer hardness and the axial and radial loads. The total

interface length is defined as the sum of the axial-and radial interface

lengths because each produces a resistance to flow:

F F
A + R

D DM
M M M

19
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where F A axial load, pounds ---

FR = radial load = 0

DM = mean diameter of axial interface

D = diameter of radial interface

T"M = Meye'r hardness 257,000 psi

TABLE X. CONDUCTANCE PARAMETERS FOR
AN FLARED FITTING

(Sealing Surfaces of 30 to 50 L-in. PTV Roughness)

Conductance Parameter, h3 (in. 3

Sealing Geometry

Tube Size Torque
(inches) (in. -lb) Type I Type II Type III

270 - 15 -163/8 270 9.0 x 10 3.4x 10 1.8x 10

300 5.0x 10"1 8  15.0x 10-15 1. 5x10-1•Q

1/2 450 12.0 x 10 6.0 x 10-1 2.0 x 1016

500 5.5 x 10-1 8  4.5x 107 1 5  1. 1 x 10-16

3/4 650 150.0 x 10-1 8  17.0 x 50 1 6

-18. -10 5 . 0x 1 -16

700 00.0 x 108 10.A x 10 1 5  3.0x 106

\1

- 21



/ I
Table XI §,tlows the\ý'ontact length for the various torque loads applied

to, the seal gornetries.

TABL/E XI. APPARENT CONTACT LENGTH OF LEAK PATH

//

/ Se.ling Geometry. Leak.Pa.th Length (inches)

Tube ýize (inches) Torque (in. - lb) Typ, I Type II Type III

3/8 270 0.'0055 0.0028 0.0039

300 0.0062 0.0033 0.\0045

-1/2 450 0.0055 0.0025 0.0037

-,500 .0.0065 0.0032 0.0045

3-/4 j 650 0.0019 .0.0014 . 0.0024
j 700 0.0006 0.0020 0.0,032

The apparent circum frential contact interface length is found by:

/-

where .!!DM mean diameter of seal contact area
M

Contact interFface length fdA.,the appropriate tube sizes is shown in

\.Table "X1I.

( \,
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TABLE XII. APPARENT CIRCUMFERENTIAL CONTACT
INTERFACE LENGTH

Sealing Geometries (inches)

Tube Size (inches) Type I Type II Type III(

3/8 11.0 1.495 1.25

1/2 -. 1.34 2.'05 1.695

3/4 2.09 2.93 2.51

By knowing the-above data, the leakage could be predicted from:

-. * 2 _ 2)
(P - W h3

24 " PI -

where Q leakage-rate, atm cc/sec

P29 Pl = inlet and exit fluid pies su'res, psi

= viscosity of fluid (0.411 x 10 6 lb Sec/ft)

W = width of leak path, inches .

1 =l ength of leak path in the flow directio'n, inches

h3 conductance parameter

The calculated predicted leakage values are shown in Table XIII.

/2"3,
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TABLE XI1I. CALCULATED LEAKAGE RATES

Sealing Geonometry Leakage Rate (atm cc/sec)

"Tube Size f Torque
(inches) (in. - Ib) Type I Type II Type III

3/8 270 '1.76x 10- 1.96x 10-I 6. z x10-3

300/ 1.05 x 104 7.35x10 - 4.50x 10- 3

1/2 450 3.16 x 10-4 5.30 x 10- 9.91 x i0-3

-4 -1 -3
500 1.23x 10- 3. 1 x 10- 4.47x 10-

Z
3/4 650 1. 79x 10" o3.85x 10 5. 6 5x 10"

-2Z
70q 3. 77 x 10- I. 59 x 10 2.54x 10-

24.
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SECTION, IV

TEST RESULTS

/The following gives the test results from the evaluation conducted on

the' flared connector under stress-reversal bending, *vibration, pressur-e;

"impuls6, and proof pressure test conditions. The detailed procedur s and

apparatus used are described in the-Appendix. A

Stress-reversal bending tests were conducted on the flared connectors.

Half of the connectors were assembled at low-torque and the remaining at

high-torque conditions. The connectors ,,ere tested tor 300, 000 cycles,

and the test stress level was based upon a total combined equivalent stress

of 29, 000 psi. Results from' the stress-reversal bending tests are

recorded in Table XIV. -

Vibrational and stre-ss-reversal bending are very similar in that they

both create the same stress distribution around the tube. The principal

difference is the rate of cycling: 25 Hz for stress-reversal bending as

"compared to 150 Hz for vibration. Additioually, ihe stress-reversal

bending test has the tube mounted"as a cantile~ier bea~m whilelthe-Vibration

test has the tube mounted as a simply supporte4,bearii. The vibration test

was conducted in acco.4ance with- AF'RPL-TM-66.8; results are reported

in Table XV.

Pressure impulse testing'has- tio objectives.' The first is..to consider
i ,,the water hammer effect upon the sealing surfacei. This '-.ay cause the

separation of these surfaces, thereb' fro:ýmingaleakpath. The second

objective is to evaluate the structure's fatigue limits throukh cyclical,

dynamic structural tests. Since pressure impuising is not generally con-

sidered in the design function, a minimum value' of 175,,000 psi/sec rise
and a maximum value of.600, 000 psi/sec have been chosen as the test

standards in accordance with S6cidty of Automotive •ngineers Specification
AIRP 603. °---" ..

"Z 5
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TABLE•XV. VIBRATION TEST SUMMARY.

Connector lype ana Tube Size. (inchesl

3/8 3/8 3/s 3/8
Condition F6VI9 F6VI% . F6VI7 F6V16

Stress Level (psi) 5200 5200 5200 5200

Proof Pressure (psi) 4900 4975 -1900 - -

Leakage (atni cc/sec) 8 -9 -8
Pressure atProof 1.3 x 10 3.1 x 10 15.0 x-40 3.0 x 10.

Maximum Dfiring Test Z.z x 10-8 1.8 x 10-8 4.7 x 10-8 9.5 x 10"•

At Finish 1.4x 10 .8 7.9x 10'9 1.1 x I0 -8 9.3x 10 "

g Level 2.5 . 2.5 2.5 2.5

Pressure impulses were induced by rapidly openiinigor closing valves,

thu's allowing sudden fluid impulse differentials to be formed in the test

item. The test consisted of 20, 000 cycles. The~average pressure rise

rate varied frdm 200p.000 psi/sec (at initial valve opening) to 400, 000 psi/sec

(at valve, fully opened). This pres.sure rise variation occui'ed on each

cycle.

'The proof pressure test is an inspection test to ensure that no gross

structural defecfs exist in the connector before starting structural load

"teests. Proof pressure, as defined for this series of tests. was 1.5 times

the working pressure. The leakage objectives during this series-of tesiing
I 1 1A. - 4ý

were that the connectors should not exceed lx 10 atm cc/sec as

measýured by a helium mass spectrometer..

The test results for pressure impulse and proof pressure are

recorded in T able XVI. * t -

V7
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TABLE XVI. PRESSURE IMPULSE TEST SUMMARY, AN CONNECTOR

Peak- Leak Rate-_ ..Torfue Pressure, at Proof Max Leak Leak Rite atFitting':: . (in. -lb) (psi) Pressure During Test Test End

F6V5 375 5500 4.0x 10-8 2 .84x 10-4 2 . 6 x10
" f , .F6V6 375 5500 1.7x I0-9 8.5x 10- 8  7.5'x:10-8

F6V7 :375 ' ;55O0 5.6 X 10-4 1.4.x 103 1.4 x 10F6V8 ,375 4900 2.0x i0-6 3 .3x 1-lxi0- 7
5.1X 0.4F6V9 40 487.5 ". 3 x 10-".

F6V25 .30.0 5000 1. 1 x 10 1."6 x 0 /6.5 -3
F6V26 300 •, 5000 4.0x 10-7 2 .3x 10-3 2.x.1i0-2
"F6V27 270 5000 4.3 x 10- .9.7 x LO"4 8.3 x I0"5."
F6V28 270 /: 5000 2.6 x 10-8 Z.4x 10-6. 1. 5xA0lO!7
F8V9 575 ' 5000 3.4 x 10-4 6 .5 x 1074 6 ,5 x 10-4
F8V31 6Z5 5500 65

F,8V32 565 5500 3.1 x 10-1

,F8V33 565 5500 5.0 x 10-10.•

F8V34 565 5500 2 2.0 x 10-1"
F8V35 625 5500 . 17x10"I ,

F&V36 500. 5300 2 .3 x 10-z

F8V37- 625 . 5100 3'7 x 10- ,
F8V38 '. 565' 5780 3. 7x I0" ._

F8V39 625 4900 3. 3Q."X'l0 7  2 . 5x 10-6 2.5.x10".6

F8V40 625 570Q 1.8 x .*10N4
F@-V41 625 5200 1. 7 x 10-

F6V x 3/8-inch fittings

F 8 V 1 I/ 2 -in c h fittin g s . . .

Test not performed

28
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SECTION V.

DISCUSSION OF RESULTS'

_....._Results received from the stress-reversal bending tests conducted on

the 3/8- and 1/2-inch flared connectors are given in Table XIV. The ..

connectors were shown to perform remark~b-y-we -ir-ý-d-hr te

stress-reversal bending condition. No significant degradation in leakage

was detected throughout the tests. Comparison of the leakage rates

showed that the test items performed significantly better than was pre-

dicted. Testing of.the 3/8- and 1/2-inch connectors, however, did not

confirm a noted deterioration in leakage performance because the/

larger-size flared connectors were used.

Six 3/8-inch and threp-4•2-inch flared tube connectors were tested

under stress-reyersal bending. Two 3/8-inch connector assemblies

prematurely failed due to excessive stress loading that was erroneously

applied. .,Examination of these assemblies showed that'circumferential

cracking had occurred at the junction of the tubing. The exact applied

stress levels were unknown;however,by failing at 10,000 and 12, 000 cycles,

it was estimated ihat a total combined equivalent stress level of 35, 000

to 40, 000 psi was applied. , . 0-.. .

*Four 3/8-inch c"onnectors were, tested under vibration conditions with

the results tabulated in Table XV. Each connector was subjected'to

300,000 cycles at a dyclical rate of 140 and 150. Hz. The vibration fre<-

quency was near a' resonant condition of the test system which made it

difficult to maintain a specific frequency. As show-n in the Vibration Test

Summary (Table XV), •the connectors exhibited significantly lower leakages

than predicted, prior to, during and after. completion of the vibration *.

cycling. .

Twenty-one specimens were prepared forp sure impulse tests, as

shown in Table XVI. Nine test specimens of 3/8-inch diameter weie

29,



sUbjected to 20, 000 pressure impulse cycles. One of the 3/8-iridh test

specimens was found to leak excessively during proof pressure tests.

Twelve, 1/2-inch connections were.prepared and tested. Only two of the

connections were. sufficiently leakproof/at proof pressure.

Many of the connectors showed a considerable loss in performance

during the cond6ict of the tests. These performance losses wereassumed

to be caused by a microfitting problem caused by the input loading of the

seal surfaces. Microscopic examination did not ýconfirm this assumption,

however.

The 3/-inch connectors p erfor'med:two Gr-th-r-ee--o-•rde-r-s-o-f-mag-nitude---

better th the prediction estimated for stress-reversal bending and /

vibration tests. In the pressure impulse tests, the fla5 ed connector's -

performance was not as high- however,' the prediction xiis within the error

range of the te'st.met'hod. The initial sealing performance of the pressure

impulse specimens was generally two or three orders of. magnitude)igher

than th- e--aalyi-•I--p-diction. Hdwever, -the: e-f6rin degraded d-uring

testing and fell to within the predicted raroges.

The suspected primary reason for not accurately correlating the

in usage of the Meyer hardness parameter. Whereas the Meyer hardness
/

parameter relates an applied load to the projected area.of an impression

generated on a surface, the use of this. parameter was ap'plied to a flared

connector design &6nsistingof a truncated cone sealing inte'rface. Other

factors that could have caused the disparity in data co.ih been the

'- three types of sealihng interfaces encounteied (Figure 2) and the machining

variations ifivolved with the manufacture-'of the connector. assemblies.

30 - i >1
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"SECTION VI-

"CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations have been~made based/
on the performanceprediction -and experimental evaluation.

1. Flared connector performance cannot be. accurately predicted by

the method used. Correlation between the predicted and test rtsult.

"has shown the predicted values to be extremely conservative.

Z. Using careful.leak-detection inspection methods and under specific '

operating conditions, the flared connector will perform. in the .
10-6 atm cc/sec leakage range without. excess nut.torque..

3.. It is concluded that the smaller-,.sized flared connectors show a

tendency to seal better than the large sizes.

4. It is recommended that another prediction correlation method be

investigated to arrive at satisfactory results,.
31/3/
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-ne,.-Hc.-R f',ttings Evaluation Project was initiated in September 19(14

as an inE=gral .part, of the Air Force Rocket Propulsion Laboratory's Tube
(:cnr,,ctr-,r 1,(ýelcpm~nt Pro-gram. This project w11 provide\adequate test
facititits and a ba(.kground in test techviiques to evaluatE tube connector of

.-tate of thi art. T.he tcsting experienc4 gained will then be used to evaluate i
the pryfC ,rWa ., c-f ad v.an;.td mechanical tube connectors deyeloped by Battelle ,
Memor jal 7>stit.:te or ('•o.tracts AF004(611)-8176 and AF04(61t)-9578, "Development -
cf Fa nI i. ., :.f MLt ,oanL .a! i1ttin s.." and an evaluation ofý the equipment and con- }
c,.epts for weidkd tl.be connectors developfzd by North American Aviation, Los
A,,gele• Division (NAA/LAD) on Contracts AF04(611)-8177 and AF•4(611)-9892,
"Explcratory Development of Families of Welded Fittings for Rocket Fluid Systems." ,

, 4.

This I(pport detail. the progress made to date in test' system design and the [•;
occrational status of the test.facilities. ' '

2 . P R O J E C I : P R e *F<E S S :""

ConsidErable-. progres, has been made toward reaching roject objecties.
An industry s:rL-.y was conducted to provide guidance in lanning tests.
Establis.ing test requirt.ments, procedures and instrume'tation techniques.
Based on the re•uIts of the survey, six test systems h e been'defined. These
test sy.tctms ar(. birst pressuie, pressure impulse, vibration, stress reversal I
bending, temperature shock and field simulation,.

''the b.rst pr*ý.s jre and pressure impulse./ system have been used to test
plain ibe. sections from 3/8 to -il-h;inidlameter. ,The compornetit parts of
t'emperat •re shocck and vibraticn systems halze been te'ted. The detailed
design drawings are being~completed for the stress reversal system. The
design criteria are presently being formulated fo 1//the field simulation test.//

A tubing conn'¢etor indistry survey was/initiated to provide general/

backgrc..nd informat:icn., test syztem requirements, procedures and technique's
ApprexImat~eiv 30 firms, government agencies and professional a cltivities werL

,ccn:a..'ted. A list of the orga niizatfor ns and individuals githin the organi - .
tinns &ontacte.d is indluded as Appendix I. The industry survey provided two
tv•pt:ý cf information. The first type, connector design requirements, a,
applicable t' rocket: prcpulsion., are -l-st-td-•beLow., The other category, te.-t
rtq.-iremn-t:; arid inr'rume.ntation techniques, will be discusse& in paragraph
2.3, TEst ReAq'[rem ..t•s.1  : , o.. !

Presi r e-&rangb " 0 - 1,000 psi
0 - 4,000 psi -

• 0 - 1 0 , 0 0 0 p s i . ,

Tempe~rat-ure rang'ge. -425 to 600"F
*" , • -425 to 200-F .".-

Si2e, range 1/8 16 inches
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Flexure 300,000 cycles, bending moments of M = ZS but -
not mofe than M 606.(D +3)"
"where ,

M omment 'applied to fitting

Z section modulus.*f tube
with fitting "

, SB"i3 lower of (1) 2/3 yie'ld
"strength

(2) 4/5 strýess to.

.rupture; ,,(2--yrs)-.

(3) 1/2 200,000
cycle fatigue
-strength

D = outside tube diameter

;iration 25 to'2o000 cpm at "g'>Ievels to produ'ue stresses\c'mpa;:ibilty •equal to 2/3 yield ..

' \ Co¢npa;ibility \-'Rocket propellants (N 204 CTF. LF2)

Lehkage - - atm cc/se~c of Helium

\ 'empý.rature, shock Between designed temperature extremes

.epea4 d assembly 25,times
2:2 T__est Re uir2ents.:

... ......... it ced on each test system are the most important
"step in planning the e;'aLuation of. the performance of a tubing connector.
The fcllowing paragrap1ls will describe~the requirements for t~he six test

. i:ysvtems. Leakageinas rements and proof pressure tests are of such importance
"t~hroughout t:he.'tests thatilthey will be discussed first.

2.2.1 Leakage M`s-;rements:

Leakage my be. meastred in several different irianners depending
rn tho rate. and leaking meldia. The "measurement of liquid leakage is-very
d:.iffi:c-]lt •f tho leakage •ate 1.5 less than one c:ibic centimeter (cc.) per minute.
Nuc"lear. ultrasonic and cHemical tL'.chniques are being developed but are handi-
capped by high .cost or! IoJ sensitivitv. -Therefore, most leakage measurements
are made. with a gas as t:heI working fluid. "

"Wat/xjd/ispaiadement is a te~chnique that has been used success-

f lly. :he lealing gas1 is! captured in a container under water. The.syst'ýtn>
I... g.ener Ily made so ý.hat 0thelcaptured gas may be maintained at 'a constant \
pretsure. The voiumel ýf water displaced equals the volume leakajg of the gas.

'I ,3 9
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1 h i's SYSiirn wi i 1, iiuaý;r, I. haks from Ijigh. rates dfown to about 10- atmo'sphcric
cabiC Lt:cnt iM~to rz 'PL sco (arrn ccI.scc). Care-ful, work and clever technique-
will allc'w ma~rn 5 ckcf 10 atm cc/scc; however, thb high probability
of tri.~r irihirent i.n t-ht-di:!placEvme!'t technique and the considerable time
req~irtd' fet meas.~rcmni~n limits t~his technique's usefulness for low leakage
r ra L m.ý a r -~cr

161ti. 1.akage mca-,rt-mcnt limits of the wo 'ter displacement
m(1h;i art 3 tob 6 rdevs.rf magnitade-greater than that ý*pected -of the'AFRPL

t.cTy .- mor -thise IF-akagt. me-asurements a .helium mass *spectrometer leak.
dutt-ýcc will be ujed.. This. tEcbnique uses helium as a precssuri-eing gas and
a vacuum~cthambt-r tc s-jrround,, the fitting and collect all, leaking. helium gas.
i,_ywnentional ma'ss spectrometer tcc:hni .ques qre used to sense the helium;- The
i;falagc-Aracte can. bc calinated with thS help of a known lqaU. This techniqu"e
wi I I.mra--;r,- Icakb, in tlne,.rarnge &f 10 *atm r-!/sec to 10 a tm '. c /s e.c. A
~ar ia r -r..n f ti technique wscs a small varieblal orifice. in a probe which
cP'n.: the va.ux_*m to the atmc.:spher~i;. This pi~obe will loca-te leaks"by' drawing
prcssiriteed heli-jm int~o the xn~ss spe~trometer. Thieprobe technique is pot,ma
q~antitativt: tt.-`niq*,. C~are~f"L eperation'will I c~te leaks in the 10- atm
C( /sec range.. ,

ieak-age- rates will be the prime. method of determining flailure
cf qornect':-rs. w(eIde.d c'nncctors and braze fittings. Leakage~shbould not exceed
10- atm cclsc'c. The\*ma imum acceptable- leakaje for flar~ed fitfings will be

f-5atm cc ' sec. if leakag4 de~grades to- this level any ~test will1 be stopp~d
r and the. flared fir1ting'ntt retNiqued.

~2.2.? Proof Test:

*Theý prqof prt~ss-.ire test is an integral parti of all the other
-s t s x c ct the b-urst. pressure test. Proof pressure is defined as 1.5 times
(tewojking prt.ss-ýrc. .. Tiis test -is h&n inpcto tye test to insure. that: no.

8rcz;, de:feZ`C"; Eerist in't~h.ý 6onniector seal or mechanical structure.. Leakage-
d, r i rg t t.,- t st>. i, fcr. t ýe ILI k.1dt and -brazed joints and the AFRPL conndctor,
!ýc-: d he, les-; t0an 10- atm ck/sec as 'measured by a he lium mass, sperntrome~ter'
le~ak det-ecttr. (',ptr r't;bting c~onnoectors kwili have bigher allowable leakage.

val~ceý ba-z~d --i the ir de.,igni-A 6apabi.1ity.. A .

2.2.3 ý.r~ Pressu.rt.:

The. b--rst pressuT-e test is 'a structural test base-d tin the
u It imar,ý strt~ngth Of the ~t~trlmember:, of the connector. Bu~rst presijre,
,is def-intd as tws tis workcing pressure without catastrophic faft-.ire.- The.

t. 6rst -r.1~r _hc:-;Ld vield, structuiial membiters of the connec~tor-an~d rajseý
lar e teaks. -Tbese [teaks~are~not measured because they have no relation to
'de'sigord- perfc~rmaný:E_. A b-r,r:t prpssujre test not only identifies weak con.-
n%:ct;r, IrUa members; At also demonstratus the actual factor of ,,afety
c f 'hcne.~< .- *

-2.2.4 '§(ress R,:yersal Bending:

t,;ing-inscnning *netr will be s~ibjectect to-dynamfc* loading.

.. .. 40



' 'ses lcadý may be caused by vehicle deflection, installation forces, accelera-
't.icn, (_cc.' T'h(. dynami?- aspect, of these forces: ge~nerally, occurs during rocket

e•ntn-. opgraticn. :Thts, the total da.ratiorvis generally less than five minutes.
Fcr dy-ran.i. 1oadi!,g, C.ly low total, cycle life is required and high stress

may he maintain.e.d. -

. Tre te.t system incorporates'a standard s-tre'ss reversal bending
.m,'.:h'na de~ign. The6.o-nnector .is mounted nea"r the fixed .end and a small vacuum
,chambea i.s b-ilt aro-urd thý fitting •to collect .lealcage which is measured with
rv.h Iý;ak detectcr. A bellows assembly is used for9 the vacuum chamber so that it

"* will nct. affec•t t:he stress transmitted to the connector. The stress will be
measured by. a pair of strain gauges mounted 180-degrees apart on the non-
rctati.rtg 'shaft in the plane of maximum stress (see diagram). The bending moment

Sappliet.d to th,. fitt:!.Ig will b- calculated from t'his and checked by placing strain
gauges on plain tube test sections which willbe used for checkout of tht, system.
* req'Je.-o',y f fit.xisig w~i~ be 25 cycles per second. Halfthe mechanical.tube
.chnet'dris will bp ¶a..sembled at maximum torque and the remaining half assembled

with miniumrm torq-.:c. Tbh. connector will be tested for 300,000 cycles or until
.,iaximjm. leakage.(as defined in paragraph 2.2.1.) is cxceeded. The t+est stri:s
l.cvel will be based on'the criteria listed in paragraph 2.1.

,.---D'iVe PULLOY• ' /~~ 5ELF-A C WmC7 "-"°

/ STRAIN ErC( VACUUM CIAMBER

_Q 7 ~ 4O5capSi HeS..... !. vJ7 ' -:-- -- '-•TL¢4KOIET£CTO•

2.2.5- ibrat1-a:

.'iJ.raticn is one of the most tcc.on structural Loads and h'as
the pCt.ltn.tjal of sv.I. ,tress which may loosen the nat and unload the'seal.
The vibration tt:St;'•,11 load the tube near the'connector to 2/3 yield stres
.re.fe ret. paragraph 2.1) of the tube material (20,000 psi-for AISI 347).
The t:ubi. ,c:taini.g the connector will be mounted as- an indeterminant beam.
T.'he. strt.is wLIl by measured with a pair of strain gauges located on'the ýtube
near the corrnectqr In the plane of maximrum axial stress. Vibration tests will
be c,),.duj:.te.d at' lOhe. lowest r*.sonant frequency of the test fixture and fItting
as semby. The system will be designed for tesonance- under 500 cps. Duration
of the. tet wil•i be '300.,000 :eycles 6r until maximum allowable leakage (as
defined in para raph 2.1) is evwceeded. I.

4fj_
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"t sh•cjid bc noted that- vibration aAd stress reversal bending'
aryc ,ry ;irniIar In that both create the same stress distribution ardund the

4,kv. Tri principal differences are. the rate of cycling, 25 cps for stress
rL'c%.r'al b~ndi.,g as Lompared to 250 cpS or higher for vibration. The stress
r-vr..rsal bending test has the tube mcunted on a cantilever beam while the.
,.ibraricn tc.st has t6e t-ube mc',..ted a• 6n indeterminate beam..,

2.2.6 Temperature Shock:

Between temperature of exhaust products and cryogenic propel-
lant,z.. large tt.mpTriture gradients may be caused"in" tubing line connectors.
Dhe gradients can have two deleterio-.s effects. High temperatures on the
tenJi:,.r.1g memb(-r (rn-.t) cause relaxation •fth4 sealing load. T-hermall-
,giadicnts th tbe negative direction raiý.e the stress level in the nut wit-h
rh pos.sibility of causing yielding or'failare. If the nut*yields, the
stali-g load will be re.d-.•e.d upon return to assemb.ly temperature. The

-system thac-is designed. (sec. sketch below) is simil-ar to systems which have
,rcattd trantient gradi.nts of 600 to .. 20cF in less .than five minutes. -

To LEAK bETrCTOk

PI•essuf LiI .,

:514CAtH 4 EATre

TCE.MP,,ATURET SHOCK S'gfSTE fM

42
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The connector. will be pressurized at prgof pressure for five
minutaes, "f leakage does nc.t exceed the allowabl. (10 atm cc/sec for AFRPL)
tbhc pressire will be reduced to working pressure nd the connector subjected"to si.x tUcrmal shocks.

_ 5.~eque•tz •iermal Sho ks

. -- Cycle Number

1 2 3 4 5 6

" .sitia! re.mpe•rat-ire :Room l:emp.)- RT R! RT RI RT. RT

-ntlermediate temperature. -320 -320 -320 (1) (1) (1)

Transition time 5-8 5-8 5-8 5-12 5-12 5-12

£inal temhperature (Room Temp.) RT RT RT RI. RT RT

Transition time 5-8 5-8 5-8 5-12 5-12

(1) 600 for AFRPL and other advanced connectors, 300 for flared.

railhre will be leakages greater than those described in
paragraph 2.3.1.

2.2.7 Pressure !mpulse: . .

A press-ure impulse tes/ was planned t% perform two functionsi
The water hammer-effect on sealing surfaces may separate the surfaces formirng.-.
a leak path. Also, the pressu-re impulse test is a cyciic dynamic structural
test. As the pressure impulse. is not generally considered in design, a minimum
vaLP.e cf 175,000-si!sez rise and .a maximum value of 60 0 ,000'psi!see has been
cnose-n as 'a test standard in accordance with the Society of Automotive Engineers
ARP 603. Pre:s-.ire impulses are geiterally caused by rapidly opening or closing
valve.s. Th.se vai:'es typically have system use cycle live- of 10,000 to 20,000
act"uat k-s. Th-o test th':s c:orvsits. cf 20,000 cycles. ,

-600o ps i We VENT

AC U . .. .PR -VE"NT'° :,
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... " sysrem Cprates ,%,ith GN for continuous resting due to
the high flow ra:i- (ab;':,, 20,000 sef .r diy)'yand the high cost of He.
r'.r leak t. rtingrthE- GN'. is shut off with a hand 9alve and helium is cycled
thre-gt.,the svstm. Ihis is accomplizhed after every 1,750 cycles. The
acc.,rlatzr is used beca.jse. of the! small supply lines to the test area.
An tll.t-t:•,.ic. 4witchi.lg devizeý is used 'to synchronize the actuation of the
..altIs. At ic start 'of a c'ycle. bcth the 3-way and 2-way solenoid valves
are ir t!u. n.rmaly 4.-cse.d pc.zitInn. The 3-way valve is actuated and there
ii adi'bal-I.: -Jarging cf the test section volume. A~fer the test section
bas been t.arz-d f-tr half a -e..nd ti.e test section is vented through the
hand %al.,, whicb a:tt as an adjustable orifice, by returning the 3-way
valve t,-! tr,, n.;rmaLly closed position. 'After another .15 second, the
-sol(ncid valve is actjsted, which completely ventsithe system. After the
systým - ventcd t'he ,Cciený;id valve is closed and the cycle repeated.
DEraticr, cf a (.vcle is apprcoximately 1.1 seconds.

Tht:. test se:tion is mounted as closely coupled to the 3-way•
Srd 2..wa' sclnuid v alvt.s as possible to lower the volume which will be
press-;ri-.etd. Two r-train gau.g, type prEss-ure transducers are mounted one on
-.a Ah nd of.the- test section. T.., oscillograph trace of a 4,850 psi pres-
src impulse is shw-n as flgure 1. The average. pressure raise rate is.
200.000 psi/seý and when the valve poppet i-s- ftrlly open achieves a maximum
rate. cf 400,000' psi/sec. Note the Flight dedline of maximum-pressure due
to valve lE.akage. : - V

2.2.8 "ie.ld Simulat.ion:

""he field sinr etion• test is-on.e of the most important
S-te.sto&__b. :.aise. the installa 'n ih real systems may- introduce more per-
"i fcrman . degradatin I th n.t n-e.sign parameter test discussed in. the
pr VLC'-js paragraphs., The design iteria-are presently being defined.
[-I! arr.a;- cf ,,A 4-.igatioi will. inc•

,rtpceao asse"mbly imits
MPa.;-.aI grnmEt ¢a.,:ra I, angular% .

"-* Asembly in ý.onfined areas
'. - 'tam'at 'Ior, limits

9•.ratou tE..hniq,.

The tes-. faiLu•'e .criteria are also being d~fined; however,
g,.i.ral i ,e.-'.essivt. ,eakage as-' efined in paragraph 2;2.1wil.l be the
dEteru. I P ln fac:tor.'.

3. --INSF.:;?CPNPRC', fF.'.,•.ES:

3, V, Frzl"c.ing satisfa-tcery;f-ares for MS flared-tubing donnectors was
f'.i,-ýd to bh.a diffItuit task. Wh-ile there are a series of Military Speci-
fications ard StaT.dards c.'vering the subject,. .the' fact remains.that in

-... --g.r.•ral flares used wll not mee' these requirements. Furthermore,"there
.s c•,•vsit.•.rab]e day-tc.day 4ifference In flare quality as a result of -

flari..g ma:hjnes adjustenýo erators, tubing materials, techhiiques,. etc..
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b I.

In order to be able to describe the test items in a manner suitable for
analysis 6f the test data, an inspection procedure was developed. The
areas that are inspected are listed below. " . ..

tem Precision . Units

A. T'ube O.D. Nearest .001 Inch

B. Tube Wall Thickness Nearest .001 Inch

C. F-lare C.-.D. Nearest. .001 Inch

0. Inside Flare Ang1e -.1" Angular Degrees-

Cr. ctside Flare Angle' .1c Angular Degrees

-F. *;are Szarface Finish -2 Microinches Peak to Valley

R. Radius .001 Inch

t. Flare Sutface Hardness 2 Units Brinell Hardness
Numbers

F. Flare Squareness .10 . Angular Degrees

3. Coneentricity '(flare/tube) .0001 Inch

The flare surface finish is measured in two directions and at two locations
on the. flare (sde 'sketch)-. The flare surface hardness is measured at three

__•__ __ Aoioatons.. * •C-•.

*SURFAFiPWtSI4 - OR. CE HARD3NESS

0 0

-*I .
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"e'h- t-.ib, outside diameter, wall thickness-and hlare out-
sidc- diamater are. measured while the tube is mounted in-a precision mill
dcI..v.I.ng 'head as tbere is considerable variatioq in the above parameters
ar•-:nd the c-irc-imterernce of a tube. The flare angles are also measured
"-,,irig the dividing head tc hold the flare and a sine bar to measure the
argic. A Rockwrll ;,-:perficial hardness test'is used to measure the; sur-
fa::eHardn,:_s cf tr..e flare. Flare surface finish is mdasured with a micro-

"" mcto'€i.- s'.rfac.efiohiL .metcr. Similar inspection techniques on AFRPL
conrnt,'tcrs are '-e.icg pz-paredto insure test connectors meet the require-

. mEnt3 of provp.ýý:d Military Standards MS 27850 through MS 27868.

4. FAr U:, ''Y STAY;._:

The .faIlfti.s . for the test de~cribed in the previous section
art. in varitus stages of dt.3ig n, fabricatidn, checkout and use. The
stat.ý of .ac:h t'est. system is discussed below.

4.1 !'(';'t Pressure.:
': burst pressure systems have been used. A hydrostat has been

',4ed for burst pressures under 45,000 psi.- -For.burst pressures above
15,000 psi a helium intensifier is used. Because of the inherent dangtr
involvcd with the" r.!ease of large amounts ef energy at rupture,. these
te:;ti ar'ý cc..duz:ted behind a concrete wall and vault door in- the high
•a,'u~O- laoratory (3.Alding 8620). The'plain tube burst tests have been.

.. ~c.cmple ted with t'his. fac:i.•ity.,

"" L.2 Stress Re.versa1Pe"ding":

A stre-s reversal bending sysitem has been designed and detaii
part drawings are being complete'd. Fabrication will be completed by the
-..nd c-f Aorij [966 and ch'•cked out for/all sizes by mid-May 1966.

4.3 ',bratiin-: .

n.rat-Lca te•.rt wi!_l be run op the MB C-25 electronic vibrator,
loca ted i.7 . cenrifuae area of Building 8620. A fixture has been ..

fabric.atE.d tC a d&.-ýn -by Nr.rth American Aviatioh, Los'Afneeles Division.
Th'is fi.irE ha-: &.n mounte.d on the vi.brator and the fixture, checked
f c'r re -,.,-ant Pnl't. T-. were identi•fied as 280, 310, 700 and 1550 cps.

IPr-. i,-l:..s ha.'. .i. installed' intol the area, clamps, fabricated and
ft.: iHt.- p,..,re .. . Tesii.ng will br --L..itiated upon receipt of strain
ga-•gis e.EtivinatLed as 29 April 1966). .

- 4. e~perat~ _..Shock:

"The- dt..ign cf the temperature shock system has been"compl e,d
aid de-jI' L:drawir.gi finisbed by the draffting tection.-.Fabricatio of the
tempEý1at,..rv sho,'_k pystem for 3/8 in.'.h tubing has been completed nd the
.:7Mpcrent parts chec:keA.'.-T.st-iIng of flared co11nectors-will beg n 31 March
196b. 1".- t!:-E, syst:cms for all_ sizes will be completed by.early May 1966.
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4.5 Pressure Impulse:

The presst-re impulse test system has been fabiricated and used
to test plaln tube sections between 3/8 and I inch O.D.' Testing with
3/8 in,.h f.ar.1 connectcrs has bee-n initiated.

IT.b Field Sit.malation:

The. MfIid simrulation test system'.is in the design phat. It is
e;timat,:J that the system will be checked out with flared connectors by
niid..Maay 1966.

4
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